A computational model to define the molecular causes of type 2 diabetes mellitus.
Metabolic abnormalities associated with type 2 diabetes mellitus (DM2) are caused in part by inadequate insulin action and resulting changes in gene expression in the skeletal muscle. Two recent, independent studies of human skeletal muscle biopsies from ethnically diverse DM2 patients have identified coordinated reductions in the expression of the oxidative phosphorylation (OXPHOS) genes. Whether these reductions are a consequence or a cause of impaired insulin sensitivity remains an open question. To address this question and to define the underlying molecular causes consistent with the expression changes reported in the muscle studies, we created a large-scale computable model to analyze the molecular actions and effects of insulin on muscle gene expression. The model enables computer-aided reasoning using over 210,000 molecular relationships assembled from the DM2 literature. We integrated the data from these muscle biopsy studies into the model and used computer-aided causal reasoning to discover mechanisms that can link alterations in OXPHOS genes to decreases in glucose transport, insulin signaling, and risk factors associated to post-transplant diabetes mellitus. The emerging hypotheses describe biologic effects in DM2 and offer important cues for molecular targeted therapy.